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ABSTRACT
Richardson-Coy, Robin. M.S. Department of Biological Sciences, Wright State
University, 2017. Feeding Selectivity of an Algivore (Tropheus brichardi) in Lake
Tanganyika.

Algivorous fish remove attached algae (periphyton) from the benthos in near
shore areas of lakes. Periphyton has a complex three-dimensional structure dominated by
Bacillariophyta (diatoms), Chlorophyta (green algae), and Cyanophyta (cyanobacteria).
These three phyla vary in nutritional quality with diatoms providing essential fatty acids
that consumers need for growth and reproduction. Selection of specific phyla may be
driven by nutritional quality or it may be a function accessibility due to both mouth
morphology of the fish and location of the algae in the periphyton community. I
investigated whether Tropheus brichardi, an algivorous cichlid of Lake Tanganyika,
selectivity feeds on periphyton and how their herbivory affects the periphyton community
composition. I found that T. brichardi slightly selects for diatoms although it is unclear if
that selection is driven by nutritional quality or accessibility. This slight selection for
diatoms did not appear to affect community composition of the periphyton.
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INTRODUCTION
Herbivores reduce the absolute abundance of primary producers by removing
biomass (Hairston et al. 1960, Ripple & Beschta 2012). Grazing also alters the
proportions of species within the plant community, especially if grazers selectively feed
on some species of primary producers (Ripple & Beschta 2012, Hillebrand 2003).
Selectivity may be driven by morphological constraints of the consumer (Takamura
1984) or by nutritional quality of the primary producer (Liess et al. 2012, Larson et al.
2013). In aquatic ecosystems, selective grazing by algivores can alter the 3-dimensional
structure of the micro-algal assemblage that grows on any surface that receives sufficient
light for photosynthesis. We studied the selectivity of an algivorous fish and the effects
of that top-down control on the algal community composition in the benthic near-shore
area of oligotrophic Lake Tanganyika, East Africa.
Freshwater benthic algal communities are primarily composed of three major
phyla: Cyanobacteria, Chlorophyta (green algae) and Bacillariophyta (diatoms). These
algae have diverse morphological structures and modes of attachment to the benthos.
Benthic filamentous cyanobacteria such as those in the family Rivulariaceae form clumps
or tufts, with individual filaments attached to the substrate via a basal heterocyte
(Bellinger & Sigee 2008). Masses of filamentous cyanobacteria formed from genera in
the family of Oscillatoriaceae are motile, so filaments can alternate between laying
prostrate on the substrate or protruding vertically to control the amount of light they are
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receiving (Fogg 2012). Small spherical cyanobacteria, both unicellular and colonial taxa,
can be attached to directly to the sediment or to other algae (Bellinger & Sigee 2008).
Filamentous green algae, such as those in the Cladophoraceae family attach
tightly to benthic substrates and look like long green hair that extends into the water
column (Bellinger & Sigee 2008). Within Cladophoraceae, large filamentous algae from
the genus Cladophora provide substantial surface area for epiphytic algae to attach
(Lowe 1996). There are many branching, irregularly shaped green algae including the
family Coleochaetaceae that are epiphytic on aquatic vascular plants or other algae (Bold
& Wynne 1985). Small spherical greens such as the genus Chlorella occur in the
benthos as well as in the water column (Bellinger & Sigee 2008).
Diatoms have siliceous cell walls that vary widely in size and shape (Vinyard
1979). Diatoms can be found floating in the water column (phytoplankton), attached to
rocks and sediment, or epiphytyzing other attached algae or macrophytes. These can be
unicellular, such as the small oval Cocconeis, or they may form colonies of many cells
such as Cymbella (Canter-Lund & Lund 1995). Diatoms can be motile or sessile. Motile
diatoms that have a slit-like structure in their siliceous cell wall, called a raphe, can move
along solid benthic surfaces although the mechanism of that movement is unclear (Round
et al. 1990). Other diatoms are non-motile and are attached either directly to the substrate
or indirectly through a stalk. Stalked diatoms such as Gomphonema (Bellinger & Sigee
2008) secrete a gelatinous stalk from their apical pore allowing the photosynthesizing cell
to perch above the point of attachment to the surface. The stalk functions much like a
tree trunk, increasing the diatoms access to light. Some diatoms, such as Cymbella, grow
end to end within a gelatinous sheath, forming a filament (Tariq-Ali et al. 2006).
2

The taxonomic composition of the periphyton assemblage depends on the amount
of time these algal species have had to grow without disturbance (Steinman 1996).
Colonization of new substrate usually begins with heterotrophic bacteria followed by
small prostrate algal species such as the diataom Cocconeis, which grows closely
appressed to the substrate (Spaulding & Edlund 2008). After initial colonization, the
algal community develops vertically to include more erect forms of algae such as stalked
diatoms and filamentous cyanobacteria and green algae. Filamentous cyanobacteria such
as Oscillatoria and filamentous Chlorophyta such as Cladophora are rapidly colonized
by small epiphytic algae such as Achnanthidium. Compared to early successional
communities, late successional communities have increased 3-dimensional complexity.
The result is a community with taxa that form vegetative layers similar to those of
terrestrial forests (Figure 1).

Figure 1- Community structure of benthic algae
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Adnate algae attached directly to the benthic surface form basal layer that is lowprofile and difficult to dislodge by water flow (Muller 1999). Stalked algae and short
filaments that protrude from the benthos form an understory layer. A canopy layer is
formed of the longest filaments and these are often heavily laden with epiphytes.
The attachment location and morphological structure of algae influences whether
a particular taxa is easily grazed and what type of grazer may access it. Primary
consumers (animals that feed directly on primary consumers such as plants or algae) vary
widely in both size and in mechanical feeding methods. Microscopic consumers such as
rotifers are limited in the size of algae they consume while macroscopic invertebrates
may eat larger microscopic algae and large primary consumers such as algivorous fishes
may eat both micro- and macroscopic algae. (Porter 1977). For instance, very small
rotifers and invertebrates with mouth morphology adapted for scraping are able to
remove algae closely appressed to substrates but these same algal taxa escape larger
grazers such as algivorous fishes (Stevenson 1996). Filaments that protrude from the
rock surface are easily ingested by algivorous fish while filaments that lay horizontal on
the benthos may be more protected (Power et al. 1988). Some filamentous taxa have
strong basal attachment. When consumers ingest these filaments, basal cells remain
behind on the substrate and can quickly regenerate (Power 1990).
Algivorous fish species feeding on attached algae in Lake Tanganyika differ in
their modes of feeding and in their tooth morphology (Takamura 1983, Takamura 1984,
Hata et al. 2014 Yamaoka 1983). Browsers such as Petrochromis have tricuspid teeth
that have gaps between them when jaws close. These gaps allow the fish to comb small
epiphytic algae from filamentous algae while leaving the filament intact (Hata et al.
4

2014). In contrast, Tropheus moorii is a clipper and has teeth that fit together tightly
(Figure 2), allowing them to tear off clumps of filamentous algae (Yamaoka 1983).
These fish consume the filamentous algae and their associated epiphytes (Nakai et al.
1994, Hata et al. 2014). Scrapers, such as Eretmodus cyanostictus, have front-facing
teeth that they use to gouge prostrate algae from the rock surface (Hata et al. 2014).
Variations in mouth and tooth morphology leads to different species of fish specializing
on particular parts of the algal community.

Figure 2 – Tightly packed fish teeth of T. moorii, a clipper.

Mouth morphology and algal structure are not the only determinant of whether a
fish will consume a particular taxa. Fish also selectively feed based on algal nutritional
quality. Primary producers have a high C:N:P content relative to consumers (Sterner &
Elsner 2002) and consumers may target algae with lower C:N and C:P ratios to optimize
growth (Cross et al. 2003, Frost et al. 2002). Although N and P content are good indices
of food quality, fatty acid content of food is a more direct measure (Brett & MullerNavarra 1997, Torres-Ruiz 2007). Algae produce polyunsaturated fatty acids (PUFA's)
that are necessary for growth and reproduction of many aquatic organisms (Brett &
Muller-Navarra 1997). Two essential fatty acids, eicosapentaneoic fatty acid (EPA) and
docosahexanoic acid (DHA), cannot easily be synthesized by animals so they must
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acquire it from their diet (Torrez-Ruiz et al. 2007, Gladyshev et al. 2013, Larson et al.
2013).
Cyanobacteria have little to no EPA or DHA (Caramujo et al. 2008, Hill et al.
2011). Cyanobacteria do contain some linoleic acid which some primary consumers can
convert to EPA. However, the efficiency of that conversion is very low (Brett & MullerNavarra 1997, Caramujo et al. 2008). Chlorophytes also have very little to no EPA and
DHA (Volkman et al. 1988). Relative to greens and cyanobacteria, diatoms are rich in
fatty acids, especially EPA (Torres-Ruiz et al. 2007, Taipale et al. 2013). Feeding
studies using these three phyla of algae show that primary consumers growth depends on
the quality of primary producer. For instance, copepods fed a diet of cyanobacteria have
slower development and reduced survival (Caramujo et al. 2008). Rotifers fed only
chlorophytes make a poor food source for fish larvae resulting in smaller fish and reduced
survival rates (Scott 1979). Primary consumers fed diets of diatoms have higher growth
than those fed a diet of green algae (Guo et al. 2016).
Several factors influence whether feeding selectivity by algivores will alter the
biomass or structure of attached algal communities. The amount of biomass removal is
positively correlated to algivore density (Power et al. 1988, Hillebrand 2009, Steinman
1996). However, grazers may not reduce periphyton biomass if periphyton is limited by
resources such as nutrients or light (Steinman 1996). Selective feeding on the most
dominant taxa of algae in the environment can change the community composition
(Power et al. 1985) unless the dominant taxa is highly resistant to grazing or has a
morphological refuge (Power et al. 1988). Selective feeding on taxa that have low
relative abundance may not affect community composition as a whole (Steinman 1996,
6

Hillebrand 2003). Campostoma, a grazing minnow, changes community composition by
significantly reducing the relative abundance of a filamentous chlorophyte, Spirogyra
(Power et al. 1985). The effects of grazing invertebrate on periphyton in rivers is well
studied, but we focus on the influence of an algivorous fish in the littoral zone of
oligotrophic Lake Tanganyika.
Lake Tanganyika is the second largest lake by volume in the world and is the
largest lake in the African rift valley. The lake has over 250 species of fish and more
than 200 are algivorous cichlids. Tropheus and Petrochromis are two algivorous genera
in the tribe tropheini that dominate the shallow rocky littoral zone of Lake Tanganyika.
Most Petrochromis spp. are thought to be browsers that selectively comb on epiphytic
diatoms from filamentous chlorophytes (Nakai et al. 1994, Takamura 1984, Konings
1998,Yamaoka 1983). In contrast, Tropheus moorii is a clipper that rips filamentous
algae from benthic surfaces with its tightly packed teeth that act as a cutting surface
(Takamura 1984, Yamaoka 1983). Tropheus moorii has been observed feeding with
quick biting motions and its front-facing teeth can be heard hitting against the rock as it
rips epilithic filamentous algae from low on the rock surface (Yamaoka 1983). The data
on T. moorii are often applied to all Tropheus species (Nakai et al. 1994, Konings 1998).
Tropheus brichardi, a congener of T. moorii, is the most abundant algivore in the
northeastern part of Lake Tanganyika and is replaced by T. moorii in the south. We
investigated whether T. brichardi, feeds selectively on periphyton by comparing
community composition in the fish gut and the periphyton on rocks using an alpha
selectivity index. We also investigated whether grazing by T. brichardi affects the
periphyton community composition. We hypothesize that T. brichardi is selecting for
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diatoms when feeding because diatoms are higher in nutritional content and also because
the behavior of Petrochromis indicates they may be competing for the same food source.
We also hypothesize that if T. brichardi is selectively feeding on diatoms, increased fish
density will result in decreased proportion of diatoms in the periphyton community
because diatoms will be removed in greater amounts than the other algal phyla.

8

METHODS
We collected fish-gut and environmental samples from 12 rocky, littoral sites in
Lake Tanganyika in 2013. We collected three T. brichardi per site from depths of 3-4
meters and measured the total length, fork length, and mass of each individual. We
removed the stomach contents from each fish, transferred these contents into a collection
vial and preserved them with glutaraldehyde (2%). We collected fist-sized cobbles from
2.5 and 5 m (N=3 per depth) to quantify the taxonomic composition of the algae available
to T. brichardi. We placed each cobble into a tray and then placed a plastic cap on the
upper horizontal surface of the cobble to isolate a 25cm2 area of algae for quantitative
analysis of chlorophyll-a, fatty acid, and C:N:P. Then we used a wire brush to scrub
algae from outside the capped area and rinsed it into the collection tray. This was
preserved with 3% glutaraldehyde for community composition analysis.

We then

removed the cap and used a wire brush to remove the remaining algae for quantitative
analysis of dry mass and nutritional quality.
Fish Density
To determine density of T. brichardi, 3 transect lines were laid perpendicular to
shore from water’s edge to 8m depth with 5m between each transect. These transects
were divided into sections every 1m depth change to form 5 m wide quadrats. The length
of the quadrats depended upon the slope of the lake bottom at each site.

Snorklers and

SCUBA divers swam through each quadrat and counted the number of T. brichardi in
9

each 1m depth interval. To prevent double counting any fish, the observer moved
in one direction and keeping a downslope vantage point. Quadrats were counted twice
with 30-45 minute break between. Count average for each quadrat was divided by
surface area of the quadrat to calculate density.
Algal Analysis
Permanent mounts: We homogenized, subsampled, and filtered each individual
gut and algal sample onto a Pall GN-6 Metricel® 0.45um mixed cellulose filter. Next,
we spread one or two drops of HPMA resin onto a slide cover glass. We placed the cover
glass face down on the filter while the filter was still on the vacuum filtration base. This
caused the vacuum to pull the cover glass tightly onto the filter, eliminating air bubbles.
Upon terminating the vacuum, we slid the filter with cover glass off the filtration base.
We applied HPMA resin to the back of the filter with a spatula. We dried the filters in a
drying oven for 12-24 hours at 60oC until the filter was clear and the resin was no longer
sticky. We added one or two drops of resin to the filter side of the coverslip, placed it on
a glass slide, and then put it back into the 60oC oven until fully polymerized (24-72
hours).
Microscopic analysis of algae: We counted algal cells using Nikon OptiPhot
microscope. To ensure proper identification of small cells and avoid double-counting
any cell, we counted cells greater than 30 µm greatest axial linear dimension (GALD) at
200X. Cells < 30 µm GALD were counted at 400X. We counted at least 200 individual
algae at each magnification. For the first 33 samples, we identified algae only to the level
of division (phylum). We identified cells to the level of genus for the remaining 32
samples. For each sample we measured 5 cells per taxon (usually genus) using an
10

Olympus Epi Fluorescence Spot Scope with RT color camera and Spot Advanced 5.1
software to obtain an average size for each taxon. We used these measurements along
with individual cell counts to calculate biovolume of each group using equations
(Equation 1) based off the general shapes (Table 1) of each taxa (Hillebrand 1999).
When a taxon was not listed in Hillebrand (1999), we assigned a Hillebrand calculation
based on our observations of the cell morphology as well as descriptions of the taxon.
When Hillebrand’s (1999) method was too cumbersome, we assigned the next most
logical equation based on morphology. For instance, Anabaena is a filament made of
tiny spheres. Hillebrand (1999) suggests measuring each individual sphere of Anabaena
and calculating them individually. We chose instead to handle Anabaena as a cylindrical
filament. When a particular view needed for Hillebrand calculations was not available,
we used assumptions from the PANGEA dataset (Leblanc et al. 2012).

(Eq.1)
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Table 1- Biovolume calculations
Shape
Calculation
Cylinder

Box

π
( ) • diameter 2 • height
4

length•width• height

Cymbelloid

1
( ) π • (2 • aw)2 • l
6
dw
• (sin−1 (
) • 2) /360
2aw

Elliptic
prism

π
( ) • l • vw • gh
4

Sphere

𝜋
( ) • diameter 3
6

Gomphonemoid2

𝑙 • aw
(
)
4
𝜋
• (𝑙 + ( − 1) • aw)
4
dw
• (sin−1 ( ))
2l

Colony3

Surface area•
estimated thickness

Genera
Calothrix,
Anabena1,Nostoc,
Lyngbya, Rivularia,
Chamaesiphon1,
Oscillatiria,
Trichoedesmium,
Mougeotia, unknown
filaments1, Unknown
cylindrical diatoms1,
Coleochaete1, Ulothrix1,
Cladophora1

PANGEA
assumption
No
assumptions
needed

Pinnularia1, Synedra1

w=h

Cymbella, Amphora,
Epithemia, Encyonemia,
Rhopalodia, unknown
cymbelloid-girdle view

dw=aw

Achnanthes /
Achnanthidium,
Navicula, Fragillaria,
Cocconeis
Cyanthoce1,
Chroococcale,
Chlorococcale,
Pandorina1
Unknown gomphonemoid
diatoms2

vw = gh
except for
Cocconeis:
gh = 0.5vw
No
assumption
needed

Coelosphaerium or
Gomphosphaeria,
Microcystis. Snowella

No
assumption
needed

dw=2aw

deviation from Hillebrand (1999) – assigned based on available dimensions and morphology
Leblanc (2012) calculation
Analyst calculation. Thickness estimated on 1-4µm scale with 1µm for very light, one cell
thickness and 4 µm for very dark estimated 4 cells thick.
l=length, vw= valve view width, gh=girdle view height, aw=apical width, dw=dorsal width
1.
2.
3.
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Data analysis: We used the count and biovolume data to determine relative
abundance (proportion of total count or proportion of total biovolume) of each phyla in
the algal assemblage and in the gut of the fish. Although absolute abundance is
preferable, we had not collected quantitative environmental samples. Relative abundance
of each of the three phyla was calculated for each sample by dividing each phylum result
(either count or biovolume) by the sum of the results for all three phyla. We averaged the
relative abundance of each phyla in the environment by site. We did the same for samples
from fish guts for each site. Ivlev’s electivity index (Ivlev 1961) is commonly used for
determining feeding selectivity. However Ivelv’s electivity index does not consider that
food item density in the environment affects the likelihood of the item being consumed
(Jacobs 1974, Vanderploeg & Scavia 1979, Chesson 1983, Strauss 1979). We therefore
used an alpha selectivity index, E* (Vanderploeg & Scavia, 1979) which best corrects for
the dependent nature of diet and available food items (Lechowicz 1982). We calculated
E* (Equation 2) to compare proportion of the total biovolume made up of the
Bacillariophyceae, Chlorophyta, and Cyanobacteria within the fish stomach with the
proportion of total biovolume of those same three phyla in the environment to determine
if fish at each site are feeding selectively on specific algae.

(Eq.2)
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An E*of 1 indicates the exclusive selection of the diet item, -1 indicates strongest
selective avoidance of the diet item, and 0 indicates that the grazer is not feeding
selectively. To determine whether the E* value is significant we used one sample T-tests
for each phyla to compare each E* to zero (T-test, R version 3.2.3). To determine if
selective feeding affected periphyton community composition, we made a general linear
model (GLM; R version 3.2.2) between fish density and the proportion by biovolume of
Bacillariophyceae. We used Analysis of Variance (ANOVA; R version 3.2.3) to
determine if the proportion of diatoms was significantly different than that of
cyanobacteria treating each site as a replicate. We conducted separate ANOVA’s for gut
samples and environment samples.
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RESULTS
Diatoms were the most numerically abundant phylum (54%) in the environment,
followed by cyanobacteria (41%). Green alga were numerically rare in the environment
(4%) (Table A1). The subset of samples that were identified to genus (Table A2)
showed the same pattern as the full dataset: the diatoms comprised 56% of total
abundance, Cyanobacteria 40% and green algae were 4%. The dominant diatom genera
were Rhopalodia and the cymbelloid-shaped algae (Cymbella, Amphora, Epithemia and
Encyonema). Rhopalodia were much larger in size than the cymbelloids, making
Rhopalodia the dominant taxa by volume. The dominant cyanobacteria were filamentous
Calothrix, Lyngbya and Rivularia. Calothix and Rivularia were most frequently found in
clumps of many filaments while Lyngbya was found as single, long filaments. Green
algae was infrequent but when present they were usually large filamentous Cladophora
and Mougeotia.
The rank order of phyla in fish guts were similar to that in the environment (Table
A1). However, the relative abundance of diatoms and Cyanobacteria were 77% and 20%,
respectively, in the fish guts compared with 54% and 41% in the environment. In the
subset of fish-gut samples that were identified to genus (Table A2),76% of cells were
diatoms, 20% were cyanobacteria and 3% were green algae. The relative abundance of
diatoms was higher in the fish gut than in the environment. The relative abundance of
cyanobacteria was lower in the fish gut than the environment. There was no significant
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difference in relative abundance of green algae in the fish gut compared with
environment (Figure 3).

Figure 3- Relative abundance (proportion of total counts) of phyla in the algae available (Env) and algae
ingested (Gut). Relative abundances were calculated using counts of algal cells in individual environment
or gut samples. Samples were averaged first within sites and then across all sites. Diatom proportions
were higher in the gut than the environment. Cyanobacteria proportions were higher in the environment
than the gut. Proportions of green algae were very low in both environment and gut samples.

It was not possible to calculate relative biovolume on the samples identified only
to phylum. Therefore, the subset of genus-identified samples was used for that analysis.
In contrast to the pattern seen in relative abundance (diatoms highest, green algae
lowest), the average relative biovolume (Table A3) in the environment had a rank order
of cyanobacteria (42%), diatoms (37%), and green algae (21%). The relative abundance
of each phyla in the environment are significantly different (ANOVA F(1,20)=7.553, p =
0.0124). In fish gut, the average relative biovolume of diatoms was highest (50%),
16

followed by green algae (35%) and cyanobacteria (16%). Mean relative biovolume of
diatoms and green algae are higher in the gut than in the environment while
cyanobacteria is higher in the environment than it is in the gut (Figure 4).

Figure 4- Relative biovolume of the three phyla in the algae available in the Environment (Env) and algae
ingested (Gut). Proportions were calculated using biovolume of cells counted and then were averaged
across all sites. Diatom proportions were higher in the gut than the environment. Cyanobacteria
proportions were higher in the environment than the gut. Green algae proportions were higher in the gut
than in the environment.

For the entire data set, average electivity calculated on relative abundance (Table
A4) show that T. brichardi select for diatoms (E*= 0.24), avoid cyanobacteria (E*= 0.32), and avoid green algae (E*= -0.19). Average electivity on relative abundance of the
genus subset data (Table A5) are similar to results for the complete data set, showing that
17

T. brichardi select diatoms (E*= 0.14), avoid cyanobacteria (E*= -0.35), and avoid green
algae (E* = -0.16). When relative abundance is converted to relative biovolume, (Table
A6) the selection for diatoms disappears (E* = -0.05), the avoidance of cyanobacteria
increases (E* = -0.51), and avoidance of green algae weakens (E* = 0.09). The electivity
ranges on the relative abundance data have no overlapping ranges and show a clear
selection for diatoms and avoidance for cyanobacteria with marginal avoidance of greens
(Figure 5).

Figure 5 - Electivity calculated based on relative abundance of each phyla using the complete data set.
Complete selection would have an electivity of +1.0 while complete avoidance would be electivity of -1.0.
Zero value indicates no selection or avoidance. Significance from zero using two-tailed t-tests show T.
brichardi are selective for diatoms and avoid cyanobacteria (*** p <0.001). There was no significant
selection or avoidance of greens.
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In contrast to electivity calculated on relative abundance, the electivity calculated on
relative biovolume shows that the range for green algae and diatoms overlaps
considerably. Fish very slightly select green algae and appear to slightly avoid. Fish
avoidance of cyanobacteria is stronger than that of diatoms (Figure 6).

Figure 6 - Electivity calculated based on relative biovolume on subset of samples identified to genus.
Complete selection would have an electivity of +1.0 while complete avoidance would be electivity of -1.0.
Zero value indicates no selection or avoidance. Significance from zero using two-tailed t-tests show T.
brichardi avoid cyanobacteria (** P <0.01). There was no significant selection or avoidance of diatoms or
greens based on biovolume.

Green algae were infrequent in the samples (Figure 3). However, filamentous
green algae are the largest algae in the samples (Figure 4). Most samples had very few
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green algae, but where they did occur, they were often large filaments. Due to that
inconsistency and low power, we recalculated the subset data excluding the green algae
both by cell count (Table 2) and by biovolume (Table 3). When greens were eliminated
from the relative biovolume calculations, diatoms were higher in the fish gut compared to
the environment for both relative abundance (Figure 7) and the relative biovolume
(Figure 8). When greens are eliminated from the electivity calculations, T. brichardi
selects for diatoms whether electivity is based on relative abundance (Figure 9) or
biovolume (Figure 10).
Table 2 – Mean values by cell count
Proportion Electivity
Env Gut
Diatom
0.59 0.78 0.16
Cyanobacteria 0.41 0.22 -0.32

Table 3 – Mean values by biovolume
Proportion Electivity
Env Gut
Diatom
0.48 0.76 0.17
Cyanobacteria 0.52 0.24 -0.41
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.
Figure 7 - Relative abundance of each phyla available in the environment (Env) and in the gut), excluding
green algae. Relative abundance was calculated using number of cells counted. Samples were averaged
within sites and then across all sites. Diatom proportions were higher in the gut than the environment.
Cyanobacteria proportions were higher in the environment than the gut.
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Figure 8 - Relative biovolume of each algal phylum in environmental (Env) and gut samples, excluding
green algae. Proportions were calculated using biovolume of cells counted and then were averaged across
all sites. Diatom proportions were higher in the gut than the environment. Cyanobacteria proportions
were higher in the environment than the gut.
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Figure 9 - Electivity calculated based on relative abundance of each phylum (for genus subset) in the
environment relative to the fish guts.. Complete selection would have an electivity of +1.0 while complete
avoidance would be electivity of -1.0. Zero value indicates no selection or avoidance. When green algae
are removed from the calculations, significance from zero using two-tailed t-tests show T. brichardi avoid
cyanobacteria (** P <0.01) and select diatoms (***P<0.001).
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Figure 10 - Electivity calculated based on phyla biovolume proportions on subset of samples identified to
genus. Complete selection would have an electivity of +1.0 while complete avoidance would be electivity of
-1.0. Zero value indicates no selection or avoidance. When green algae are removed from the
calculations, significance from zero using two-tailed t-tests show T. brichardi avoid cyanobacteria (* P
<0.05) and select diatoms (**P<0.01).

Fish density varied along transects (0.22 – 0.43 T. brichardi / m2) and proportion of
diatoms varied from 36 to 65 % at those sites (Figure 11). However, there was no
significant relationship between fish density and diatom proportions in the environment
(GLM, r2 = , p=0.886).
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Figure 11 - Relative abundance of diatoms in the environment as a function of fish density. (GLM (df) r2=,
p=0.886).
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DISCUSSION
The feeding method of T. moorii was previously thought to be representative of
all Tropheus species. Takamura (1984) found that T.moorii consumed a diet made
primarily of green algae, most of which was Cladophora. However, our results show
that, unlike its congener T. moorii, T. brichardi selectively feeds on diatoms and avoids
cyanobacteria. None of our sample locations had abundant green algae. This lack of
green algae in the environment resulted in few green algae ingested, making it unclear if
T. brichardi is avoiding that phyla.
Due to the differences between relative abundance and relative biovolume,
electivity calculations on each have conflicting results. Both show T. brichardi avoids
cyanobacteria (E* = -0.3542 and -0.5151 respectively) but electivity calculated on
relative abundance indicates T. brichardi select for diatoms (0.1365) and avoid greens
(E*= -0.1590) while electivity calculated on relative biovolume indicates virtually no
selection for greens (0.0857) or diatoms (-0.0480). This is likely caused by the size and
number of greens in the sample. The relative abundance of greens is very low in both the
environment and gut (Figure 3). However the small number of green algae that were in
the samples were large filaments, usually Cladophoraceae or Mougeotia. When viewing
these in the microscope field, they dominated in field surface area even though diatoms
were more numerous (Figure 12). The limited numbers but large size of filamentous
green algae add large variation into the relative biovolume per site (Figure 5, Figure 6).
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Figure 12 - Microscope field with large green algae and small diatoms. Green algae were infrequent but
where found, they were large in size/volume compared to diatoms and cyanobacteria.

In the middle basin of Lake Tanganyika, T. moorii consumes mostly filamentous
green algae (Takamura 1984). Our biovolume data suggests that T. brichardi also
preferentially ingest filamentous green algae, but these are very rare in the environment.
When we omitted green algae from the electivity calculation T. brichardi appears to
select diatoms and avoid cyanobacteria. Takumura based their findings on fish-gut
examination of congeneric species feeding in shared territories, but they did not compare
algae in the diet with algae in the environment. It is possible that the sample locations of
Takamura had larger portions of green algae in the environment than did ours. The
amount of a food item in the environment will affect the amount that is in the fish gut as
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the two measurements are not independent (Jacobs 1974, Vanderploeg & Scavia 1979,
Chesson 1983, Strauss 1979) so without environmental samples from Takamura's sample
locations it is not clear if T. moorii are truly selecting greens. The low relative abundance
of greens in this study combined with their high relative biovolume makes it difficult to
conclude whether T. brichardi are selecting or avoiding greens.
Feeding selectivity studies specify that positive values indicate selection and
negative values indicate avoidance. However, they usually do not specify gradient
categories such as slight, moderate, or strong, nor do they give a range of values near
zero that would be considered no selection (Maszczyk& Gliqicz 2014, Yang & Dudgeon
2010, Worischka et al. 2015, McCormick 1991). Alwany (2003) specifies that >+0.5 is
“high preference” but they cite only the author’s personal experience as their
determination for this category. Selectivity is defined instead by whether it is
significantly different than zero for each prey item (McCormick 1991) or prey
characterization (Worischka et al. 2015). McCormick (1991) found protozoa
preferentially consumed a species of diatom, Nitzschia palea with an E* of
approximately 0.4 and Worischka et al (2015) found E* as small as 0.24 ± 0.14 to be
significant. We therefore relied on this statistical difference from zero to determine
selectivity rather than attempting to assign arbitrary categories to E* values. Our data
show that T. brichardi selectivity of diatoms, E*=0.17, was significantly different from
zero. However, when the relative biovolume of green algae was included in the
calculations the avoidance of greens (E*= -0.19) was not statistically different than zero.
Fish may feed selectively on diatoms either because of their high nutritional
quality or because diatoms are more accessible than cyanobacteria. Of the three common
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phyla, diatoms have higher concentrations of essential fatty acids (Torres-Ruiz et al.
2007, Taipale et al. 2013) that fish need but cannot synthesize (Torrez-Ruiz et al. 2007,
Gladyshev et al. 2013, Larson et al. 2013). It is advantageous for primary consumers to
select algae rich in essential fatty acids as that selection increases their growth rate and
reproductive success (Guo et al. 2016, Brett & Muller-Navarra 1997).
Another cause for diatom selection could be their location in the periphyton.
Accessibility of a particular taxon can be dictated by its place in the complex three
dimensional structure of the algal assemblage. Yang and Dudgeon (2010) found that
among the diatoms eaten by Pseudogastromyzon myersi (algivorous loach), the diatoms
that were stalked or upright were eaten at higher rates than were found in the
environment while the prostrate algal forms were eaten infrequently even though they
were abundant in the environment. They attribute this to the accessible nature of stalked
and upright diatoms while prostrate diatoms are not easily grazed. The filamentous algae
in our samples where heavily laden with diatoms Gomphonema and Achnanthidium, that
were attached at one end while the other end of the diatom extends out from the
filamentous algae. Additionally, epiphytes that are attached this way are more accessible
to algivores compared to adnate algae that are tightly appressed to the filament (Furey et
al. 2012, Stevenson et al. 1996). These are easily accessible to both browsers who comb
algae and clippers who may be nipping off the upper portions of filamentous algae.
Aside from the numerous Gomphonema and Achnanthidium epiphytes in our samples, we
also encountered an atypical from of a diatom, Rhopalodia, that may be easily accessible.
We had numerous diatoms from two species in the Rhopalodia genus (Rhopalodia
hirundiniformis O. Muller. and Rhopalodia gracilis O. Muller) in all of our sites. In
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lakes, Rhopalodia gibba can survive when nitrogen is too low for other similar diatoms
because this species has endosymbiotic cyanobacteria which can fix nitrogen for them
(Lowe 1996). There were visible endosymbiotic cyanobacteria in both of the Rhopalodia
species that were in our samples. The oligotrophic nature of Lake Tanganyika would
cause nitrogen-fixing diatoms to have a competitive advantage over other types of algae,
which probably explains the high numbers of Rhopalodia in our samples. Unexpectedly,
the Rhopalodia exhibited atypical attachment to the substrate. Rhopalodia are free
floating (Vinyard 1979) or adnate and closely appressed to substrate (Round et al. 1990).
However the specimens in our samples had long stalks (Figure 13). We searched
literature and cannot find reference of Rhopalodia having a stalk. Stalks provide
diatoms with the ability to better compete for light compared to prostrate diatoms. A
disadvantage of this stalk is that the diatom would be more accessible to fish, thus at
higher risk of grazing. As best described by Dr. Rex Lowe “Nice of them to stick up like
little nitrogen-rich lollipops for the grazers” (R. Lowe, personal communication, 2016).
The formation of stalks must provide these diatoms with benefits that outweigh the added
risk of predation, but further research would be needed to determine how and why this
diatom occurs as a stalked form as opposed to the motile form described in all previous
publications. Further samples would be needed from other locations to determine if
stalked Rhopalodia are unique to Lake Tanganyika.
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Figure 13- Stalked Rhopalodia

T. brichardi's feeding selectivity may influence behavior of sympatric
fishes. Petrochromis tolerates T. moorii but not T.brichardi in its shared feeding territory
(Konings 1998). Petrochromis has tricuspid teeth (Sturmbauer et al. 2003) allowing it to
feed selectively on epiphytic diatoms (Nakai et al. 1994, Takamura 1984, Konings 1998)
while T. moorii feeds on filamentous algae, often greens (Takamura 1984, Yamaoka
1983). These fish partition their food resources in their feeding territories and they are
not in direct competition for a food. T. brichardi's selectivity for diatoms indicates that it
is in competition with Petrochromis for food which could explain why Petrochromis
challenges and chases T. brichardi away from shared feeding territory while allowing the
congener T. moorii.
T. brichardi’s selectivity for diatoms did not appear to change the composition of
the algal assemblage in the environment. If fish were selecting for diatoms, higher fish
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density would correspond with lower diatom abundance in the environment. Our data
indicate that there was no relationship between fish density and diatom abundance (p
value =0.886). However, our data does not include a sample for zero fish density.
Observation was made by divers in the area that when an exclosure was placed on a rock
to allow algae to grow without grazing, algae grew in amounts that were visible to the
naked eye. When the exclosure was removed, fish quickly arrived in the area and
removed this biofilm (Y.Vadeboncoeur, personal communication 2016). This zerodensity data point would be necessary to conclude whether or not the fish were changing
the proportion of diatoms in the environment. There are several reasons that reduction of
diatom proportion may not occur in the presence of grazing. Selection for diatoms may
not have been strong enough to affect the algal assemblage. The diatoms reproduction/
growth rate could be high enough to recover quickly from the amount of grazing that
occurred. To confirm whether T. brichardi’s selectivity for diatoms is affecting
assemblage composition, we would need a larger data set (increased power) as well as the
zero-density data point
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CONCLUSION
Our results show that T. brichardi has a mild selection for diatoms and avoids
cyanobacteria. This contradicts previous literature assumptions that T. moorii’s feeding
behavior is applicable to the whole genus. T. brichardi’s selection of diatoms is not
strong enough to change community composition in the regions of our study. We also
found that two diatoms in the Rhopalodia genus have atypical attachment in Lake
Tanganyika.
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APPENDIX A
Table A1– Relative abundance by count on full data set
Site
2
3
4
5
7
9
10
11
12
13
14
mean

Diatom-Env
0.61
0.47
0.45
0.71
0.56
0.53
0.54
0.58
0.36
0.58
0.57
0.54

Cyano-Env
0.35
0.48
0.53
0.24
0.35
0.43
0.42
0.36
0.60
0.38
0.40
0.41

Green-Env
0.04
0.04
0.02
0.05
0.08
0.04
0.04
0.06
0.03
0.04
0.03
0.04

Diatom-gut
0.93
0.54
0.59
0.85
0.79
0.79
0.81
0.84
0.75
0.71
0.88
0.77

Cyano-gut
0.07
0.40
0.39
0.12
0.16
0.16
0.17
0.13
0.23
0.23
0.11
0.20

Green-gut
0.00
0.05
0.02
0.03
0.04
0.05
0.02
0.03
0.02
0.06
0.01
0.03

Table A2 – Relative abundance by count on genus subset samples
Site
2
3
4
5
7
9
10
11
12
13
14
mean

Diatom-Env
0.62
0.62
0.47
0.65
0.64
0.52
0.62
0.61
0.36
0.64
0.44
0.56

Cyano-Env
0.33
0.37
0.51
0.29
0.34
0.45
0.32
0.31
0.61
0.33
0.54
0.40

Green-Env
0.04
0.01
0.02
0.05
0.01
0.03
0.06
0.08
0.03
0.03
0.02
0.04

Diatom-gut
0.93
0.56
0.58
0.84
0.80
0.69
0.80
0.80
0.85
0.61
0.91
0.76

Cyano-gut
0.07
0.38
0.40
0.13
0.17
0.25
0.19
0.17
0.14
0.32
0.08
0.21

Green-gut
0.00
0.06
0.02
0.03
0.02
0.06
0.02
0.03
0.01
0.07
0.01
0.03
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Table A3 – Relative biovolume on genus subset samples
Site
2
3
4
5
7
9
10
11
12
13
14
mean

Diatom-Env
0.40
0.54
0.47
0.43
0.34
0.27
0.52
0.36
0.31
0.35
0.04
0.37

Cyano-Env
0.19
0.37
0.24
0.23
0.50
0.43
0.33
0.60
0.55
0.28
0.95
0.42

Green-Env
0.40
0.08
0.28
0.34
0.16
0.30
0.16
0.05
0.14
0.37
0.01
0.21

Diatom-gut Cyano-gut
0.83
0.10
0.25
0.15
0.35
0.44
0.20
0.11
0.33
0.09
0.55
0.27
0.53
0.03
0.68
0.07
0.55
0.32
0.51
0.11
0.70
0.03
0.50
0.16

Green-gut
0.07
0.61
0.20
0.68
0.58
0.18
0.45
0.25
0.12
0.39
0.27
0.35

Table A4– Electivity by count on full data set
Site
Diatom
Cyano.
Green
2
0.45
-0.50
-0.91
3
0.03
-0.13
0.07
4
0.16
-0.14
-0.07
5
0.23
-0.20
-0.15
7
0.28
-0.26
-0.22
9
0.18
-0.46
0.09
10
0.28
-0.34
-0.16
11
0.32
-0.34
-0.29
12
0.31
-0.48
-0.15
13
0.06
-0.28
0.14
14
0.06
-0.42
-0.44
mean
0.24
-0.32
-0.19
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Table A5 – Electivity by count on genus subset
Site
Diatom
Cyano
Green
2
0.45
-0.49
-0.91
3
-0.56
-0.51
0.41
4
0.13
-0.09
-0.07
5
0.27
-0.24
-0.21
7
0.04
-0.39
0.19
9
-0.00
-0.42
0.23
10
0.28
-0.11
-0.42
11
0.28
-0.13
-0.38
12
0.42
-0.61
-0.50
13
-0.19
-0.20
0.25
14
0.40
-0.70
-0.36
mean
0.14
-0.35
-0.16

Table A6 – Electivity by biovolume on genus subset
Site
Diatom
Cyano
Green
2
0.38
-0.27
-0.70
3
-0.71
-0.74
0.46
4
-0.19
0.25
-0.21
5
-0.35
-0.33
-0.34
7
-0.26
-0.80
0.39
9
0.30
-0.27
-0.29
10
-0.13
-0.88
0.37
11
-0.14
-0.90
0.37
12
0.24
-0.29
-0.09
13
0.21
-0.43
0.04
14
0.13
-0.99
0.26
mean
-0.05
-0.51
0.09

36

References
Alwany, M., Thaler, E., & Stachowitsch, M. (2003). Food selection in two corallivorous
butterflyfishes, Chaetodon austriacus and C. trifascialis, in the northern Red
Sea. Marine Ecology, 24(3), 165-177.
Bellinger, E.G., & Sigee, D. C., (2010). Freshwater Algae Identification and Use as
Bioindicators. A John Wiley & Sons, Ltd, 101.
Bold, H. C., & Wynne, M. J. (1985). Introduction to the algae : structure and
reproduction. Englewood Cliffs, N.J. : Prentice-Hall, c1985.
Bourassa, N., & Cattaneo, A. (1998). Control of periphyton biomass in Laurentian
streams (Quebec). Journal of the North American Benthological Society, 420-429.
Brett, M., & Muller-Navarra, D. (1997). The role of highly unsaturated fatty acids in
aquatic foodweb processes. Freshwater Biology, 38(3), 483-499.
Canter-Lund, H., & Lund, J. W. (1995). Freshwater algae: their microscopic world
explored. Biopress.
Caramujo, M., Boschker, H. T. S., & Admiraal, W. (2008). Fatty acid profiles of algae
mark the development and composition of harpacticoid copepods. Freshwater
Biology, 53(1), 77-90. doi:10.1111/j.1365-2427.2007.01868.x
Chapin III, F. S., Zavaleta, E. S., Eviner, V. T., Naylor, R. L., Vitousek, P. M., Reynolds,
H. L., Hooper, D.U., Lavorel, S., Sala, O.E., Hoobie, S.E., Mack, M.C & Diaz, S.
(2000). Consequences of changing biodiversity. Nature, 405(6783), 234-242.
Chesson, J. (1983). The estimation and analysis of preference and its relatioship to
foraging models. Ecology, 64(5), 1297-1304.
Choi, J., Kim, S., La, G., Chang, K., Kim, D., Jeong, K.Y., Park. M., Joo, G., Kim, H.,
Jeong, K.H. (2016). Effects of algal food quality on sexual reproduction of Daphnia
magna . Ecology and Evolution, 6(9), 2817–2832.
Cross, W. F., Benstead, J. P., Rosemond, A. D., & Bruce Wallace, J. (2003). Consumerresource stoichiometry in detritus-based streams. Ecology Letters, 6(8), 721-732.
doi:10.1046/j.1461-0248.2003.00481.x
Fogg, G. (2012). The blue-green algae. Elsevier.
37

Frost, P. C., Stelzer, R. S., Lamberti, G. A., & Elser, J. J. (2002). Ecological
stoichiometry of trophic interactions in the benthos. Journal of the North American
Benthological Society, 21(4), 515-528.
Furey, P. C., Lowe, R. L., Power, M. E., & Campbell-Craven, A. M. (2012). Midges,
Cladophora, and epiphytes: shifting interactions through succession.
Gladyshev, M. I., Sushchik, N. N., & Makhutova, O. N. (2013). Production of EPA and
DHA in aquatic ecosystems and their transfer to the land. Prostaglandins & other
lipid mediators, 107, 117-126.
Guo, F., Kainz, M. J., Sheldon, F., & Bunn, S. E. (2016). The importance of high-quality
algal food sources in stream food webs – current status and future perspectives.
Freshwater Biology, 61(6), 815-831. doi:10.1111/FWB.12755
Hairston N., Smith F., Slobodkin L. (1960) Community structure, population control, and
competition. Am Nat 94:421–425
Hata, H., Tanabe, A. S., Yamamoto, S., Toju, H., Kohda, M., & Hori, M. (2014). Diet
disparity among sympatric herbivorous cichlids in the same ecomorphs in lake
tanganyika: Amplicon pyrosequences on algal farms and stomach contents. Bmc
Biology, 12, 90. doi:10.1186/s12915-014-0090-4
Hill, W. R., Rinchard, J., & Czesny, S. (2011). Light, nutrients and the fatty acid
composition of stream periphyton. Freshwater Biology, 56(9), 1825-1836.
Hillebrand, H. (2003). Opposing effects of grazing and nutrients on
diversity. Oikos, 100(3), 592-600.
Hillebrand, H. (2009). Meta-analysis of grazer control of periphyton biomass across
aquatic ecosystems. Journal Of Phycology, 45(4), 798-806. doi:10.1111/j.15298817.2009.00702.x
Ivlev, V. S. (1961). Experimental ecology of the feeding of fishes. New Haven,
Connecticut: Yale University Press, New Haven, Connecticut.
Jacobs, J. (1974). Quantitative measurement of food selection. Oecologia, 14(4), 413417.
Kalff, Jacob. 2002. Limnology: inland water ecosystems. Upper Saddle River, NJ:
Prentice Hall.
Larson, J. H., Richardson, W. B., Knights, B. C., Bartsch, L. A., Bartsch, M. R., Nelson,
J. C., Jason, V.A., & Vallazza, J. M. (2013). Fatty acid composition at the base of
38

aquatic food webs is influenced by habitat type and watershed land use. PloS
one, 8(8), e70666.
Leblanc, K.; Arístegui R.J.; Armand, L. K.; Assmy, P.; Beker, B.; Bode, A.; Breton, E.;
Cornet, V.; Gibson, J.; Gosselin, M.P.; Kopczynska, E.E.; Marshall, H. G.; Peloquin,
J. M.; Piontkovski, S.; Poulton, A. J.; Quéguiner, B.; Schiebel, R.; Shipe, R.; Stefels,
J.; van Leeuwe, M. A.; Varela, M.; Widdicombe, C. E.; Yallop, M. (2012): Global
distributions of diatoms abundance, biovolume and biomass - Gridded data product
(NetCDF) - Contribution to the MAREDAT World Ocean Atlas of Plankton
Functional Types. doi:10.1594/PANGAEA.777384

Lechowicz, M. J. (1982). The sampling characteristics of electivity
indices. Oecologia, 52(1), 22-30.
Li, Y., Xiao, G., Mangott, A., Kent, M., & Pirozzi, I. (2016). Nutrient efficacy of
microalgae as aquafeed additives for the adult black tiger prawn, Penaeus monodon .
Aquaculture Research, 47(11), 3625-3635. doi:10.1111/ARE.12815
Lowe, R. L. (1996). Periphyton Patterns in Lakes-3. In Stevenson, R. J. Bothwell, M. L.
Lowe,R.L. (Ed) Algal ecology: Freshwater benthic ecosystem. Academic press.
Maszczyk, P., & Gliwicz, Z. M. (2014). Selectivity by planktivorous fish at different prey
densities, heterogeneities, and spatial scales. Limnol Oceanogr, 59, 68-78.
McCormick, P. V. (1991). Lotic protistan herbivore selectivity and its potential impact on
benthic algal assemblages. Journal of the North American Benthological
Society, 10(3), 238-250.
McIntyre, P. B., Michel, E., & Olsgard, M. (2006). Top‐down and bottom‐up controls on
periphyton biomass and productivity in Lake Tanganyika. Limnology and
Oceanography, 51(3), 1514-1523.
Müller, U. (1999). The vertical zonation of adpressed diatoms and other epiphytic algae
on Phragmites australis , European Journal of Phycology, 34:5, 487-496
Muller-Navarra D.C. (1995). Evidence that a highly unsaturated fatty acid limits Daphnia
growth in nature. Archiv fu¨r Hydrobiologie, 132, 297–307
Nakai, K., Kawanabe, H., & Gashagaza, M. M. (1994). Ecological studies on the littoral
cichlid communities of lake tanganyika: The coexistence of many endemic
species. Advances in Limnology, 44, 373-389.
Paerl, H. W., Fulton, R. S. 3., Moisander, P. H., & Dyble, J. (2001). Harmful freshwater
algal blooms, with an emphasis on cyanobacteria. Thescientificworldjournal, 1, 76113.
39

Porter, K. G. (1977). The plant-animal interface in freshwater ecosystems: microscopic
grazers feed differentially on planktonic algae and can influence their community
structure and succession in ways that are analogous to the effects of herbivores on
terrestrial plant communities. American Scientist, 65(2), 159-170.
Power, Mary E., William J. Matthews, and Arthur J. Stewart. Grazing minnows,
piscivorous bass, and stream algae: dynamics of a strong interaction. Ecology 66.5
(1985): 1448-1456.
Power, M. E., Stewart, A. J., & Matthews, W. J. (1988). Grazer Control of Algae in an
Ozark Mountain Stream: Effects of Short‐Term Exclusion. Ecology, 69(6), 18941898.
Power, M. E. (1990). Resource enhancement by indirect effects of grazers: armored
catfish, algae, and sediment. Ecology, 71(3), 897-904.
Ripple, W. J., & Beschta, R. L. (2012). Large predators limit herbivore densities in
northern forest ecosystems. European Journal of Wildlife Research, 58(4), 733-742.
Round, F. E., Crawford, R. M., & Mann, D. G. (1990). Diatoms: biology and morphology
of the genera. Cambridge University Press.
Scott, A. P., & Middleton, C. (1979). Unicellular algae as a food for turbot
(Scophthalmus maximus L.) larvae—the importance of dietary long-chain
polyunsaturated fatty acids. Aquaculture, 18(3), 227-240.
Snyder, R. J., DeMarche, C. J., & Honeyfield, D. C. (2011). Impacts of changing food
webs in Lake Ontario: Implications of dietary fatty acids on growth of
Alewives. Aquatic Ecosystem Health & Management, 14(3), 231-238.
Spaulding, S., and Edlund, M. (2008). Cocconeis. In Diatoms of the United States.
Retrieved November 28, 2016, from
http://westerndiatoms.colorado.edu/taxa/genus/Cocconeis
Stiassny, M., & Meyer, A., (1999). Cichlids of the rift lakes. Scientific American, Feb.
1999 pp64-69
Steinman, A. D. (1996). In Stevenson, R. J. Bothwell, M. L. Lowe,R.L. (Ed.), Effects of
grazers on freshwater benthic algae doi:10.1016/B978-012668450-6/50041-2
Sterner, R. W., Elser, J. J., & Hessen, D. O. (1992). Stoichiometric relationships among
producers, consumers and nutrient cycling in pelagic ecosystems. Biogeochemistry,
17(1), 49-67. doi:10.1007/BF00002759

40

Stevenson, R. J., Bothwell, M. L., Lowe, R. L., & Thorp, J. H. (1996). Algal ecology:
Freshwater benthic ecosystem. Academic press.
Strauss, R. E. (1979). Reliability estimates for Ivlev's electivity index, the forage ratio,
and a proposed linear index of food selection. Transactions of the American Fisheries
Society, 108(4), 344-352.
Sturmbauer, C., Hainz, U., Baric, S., Verheyen, E., & Salzburger, W. (2003). Evolution
of the tribe Tropheini from Lake Tanganyika: synchronized explosive speciation
producing multiple evolutionary parallelism. Hydrobiologia, 500(1-3), 51-64.
Taipale, S., Strandberg, U., Peltomaa, E., Galloway, A. W. E., Ojala, A., & Brett, M. T.
(2013). Fatty acid composition as biomarkers of freshwater microalgae: Analysis of
37 strains of microalgae in 22 genera and in seven classes. Aquatic Microbial
Ecology, 71(2), 165-178. doi:10.3354/ame01671
Takahashi, T., & Koblmüller, S. (2011). The adaptive radiation of cichlid fish in Lake
Tanganyika: a morphological perspective. International Journal of Evolutionary
Biology, 2011.
Takamura, K. (1984). Interspecific relationships of aufwuchs-eating fishes in Lake
Tanganyika. Environmental Biology of Fishes, 10(4), 225-241.
Takamura, K. (1983). Interspecific relationship between two aufwuchs eaters
Petrochromis polyodon and Tropheus moorei(Pisces: Cichlidae) of Lake Tanganyika,
with a discussion on the evolution and functions of a symbiotic relationship. Physiol.
Ecol. Jap., 20(1), 59-69.
Tariq-Ali, S., Zaruba, A., Ul-Hasan, M., & Shameel, M. (2006). Taxonomic studies on
Cymbella (bacillariophyta) from Punjab and Azad Kashmir. Pak. J. Bot, 38(1), 161167.
Torres-Ruiz, M., Wehr, J. D., & Perrone, A. A. (2007). Trophic relations in a stream food
web: Importance of fatty acids for macroinvertebrate consumers. Journal of the North
American Benthological Society, 26(3), 509-522. doi:10.1899/06-070.1
Vanderploeg, H. A., & Scavia, D. (1979). Two electivity indices for feeding with special
reference to zooplankton grazing. Journal of the Fisheries Board of Canada, 36(4),
362-365.
Vinyard, W. C. (1979). Diatoms of North America (No. 589.481 V5).
Volkman, J. K., Jeffrey, S. W., Nichols, P. D., Rogers, G. I., & Garland, C. D. (1989).
Fatty-acid and lipid-composition of 10 species of microalgae used in
mariculture. Journal of Experimental Marine Biology and Ecology, 128(3), 219-240.
doi:10.1016/0022-0981(89)90029-4
41

Worischka, S., Schmidt, S. I., Hellmann, C., & Winkelmann, C. (2015). Selective
predation by benthivorous fish on stream macroinvertebrates–The role of prey traits
and prey abundance. Limnologica-Ecology and Management of Inland Waters, 52,
41-50.
Yamaoka, K. (1983), Feeding behavior and dental morphology of algae scraping cichlids
(Pisces: Teleostei) in Lake Tanganyika. African Study Monographs, 4: 77-89,
December 1983
Yang, G. Y., & Dudgeon, D. (2010). Dietary variation and food selection by an
algivorous loach (Pseudogastromyzon myersi: Balitoridae) in Hong Kong
streams. Marine and Freshwater Research, 61(1), 49-56.

42

